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1. A mathod for synchronizing time reference devices in an access network 
the access network Comprising a Head End and a plurality of nodes, the Head End\ 
including an access cOTitrol system having a plurahty of media access controllers, each 
media access controUerXcontroUing a respective interface to the access network, the 
plurality of media accesai controllers including a first distinct access controller for 
controlling a first interfaceXsaid first access controller including a fiigLiiine ^eference 
device, said first interface inoJuding a first distinct plurality of ports for communicating 
with at least a first portion ofVhe plurality of nodes, the plurality of access controllers 
fiirther including a second distinqt access controller for controlling a second interface, said 
second access controller including a second time reference device, said second interface 
including a second distinct pluraliW of ports for communicating with at least a second 
portion of the plurality of nodes, the method comprising: 

providing at least one synchronization signal to said first and second access 
controllers; and 

utilizing, at said first and second access controllers, said at least one 
synchronization signal in a manner which results in the first and second time reference 
devices being in synchronization with eacli\other. 

2. The method of claihi 1 wherein said first access controller and said first 
interface reside on a first physical line cardywithin the access control system, and the 
second access controller and second interface rJfside on a second physical line card within 
the access control system. 



The method of claim 1 wherein said access network is a wireless network. 
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4. The method of claim. 1 wherein said access network is a cable network, said 
plurality of nodes are cable modems, and wherein saicn access control system is a Cable 
Modem Termination System (CMTS). 
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5. \ The method ofcl^^ 4 wherein said first and second access controllers are 
Media Acces\ Control (MAC) devices residing on different physical line cards within the 
CMTS, said fiVst and second access controllers being configured or designed to operate in 
accordance wit^a DOCSIS standard. 

6. The \ method of clmm 1 fiirther including generating at least one 
synchronization sigmal fi-om a synchronization device, said synchronization signal 
including time reference data to be used to synchronize each of the plurality of access 
controllers in the access^control system. 

7. The method^ of claiipi 1 wherein the synchronization signal is provided at 
periodic intervals to the firstWid second access controllers. 

8. The method of qj^m 2 wherein said first plurality of ports includes a first 
downstream channel transmitted add at least one first upstream channel receiver, and 
wherein the second plurality of ^rts includes a second downstream channel transmitter 
and at least one second upstream cH^nnel receiver, said method further comprising: 

providing a first time reference message to a first node on said first downstream 
channel, said first time reference beinagenerated by said first fime reference device; and 



receiving data firom said first rrode at said Head End via said second upstream 



channel. 
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9. The method of clami^S fiirther comprising using said first time reference 
message to synchronize a time reference device within said first node with said first time 
reference device. 



10. The method of claim 1 fiuiher incluadng: 

providing time reference data to each of the pkirality of access controllers; and 
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simultaneously loading, at each of the plurality of access controllers, said time 
reference data into its respective time reference device to thereby cause each of the time 
reference devices td be synchronized with each other. 

1 1 . The me^od of^laim, 10 further comprising: 

asserting a DAtAvALID signal to each access controller to thereby cause each 
access controller to load sam time reference data within an internal memory device; and 

de-asserting said DATA_VALID signal to thereby cause each access controller to 
stop loading data into the internal memory device. 

12. The method of cls^m 11 wherein said loading includes simultaneously 
providing a LOAD DATA signal ro each access controller to thereby cause each access 
controller to simultaneously load the^ime reference data from its intemal memory device 
into its time reference device. 



13. The method of claim^l l\ wherein said loading includes each access 
controller automatically loading the time reference data from its intemal memory device 
into its time reference device at a predefine>J time after said DATA_VALID signal has 
been de-asserted. 



14. The method of clam^ 2 furtherX comprising providing time reference 
synchronization messages from the Head End to thaplurality of network nodes. 



^cl^to 1^ 



15. The method of claim 14 wherein a firs& plurality of network nodes belong 
to a first DOCSIS domain, and a sefcond plurality of i^twork nodes belong to a second 
DOCSIS domain. 



16. A method of configuring an access network, the access network comprising 
a Head End and a plurality of nodes, the Head End including am access control system 
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having a pluraliW of media access controllers, each of the plurality of media access 
controllers controlling a respective interface to the access network, each of the plurality of 
media access controllers inc luding a dist inct time reference device, each interface 
including a distinct plurality of ports for communicating with at least a portion of the 
plurality of nodes, th^nethod comprising: 

synchror^izing the time reference devices in each of the plurality of access 
controllers; and 

assigning Selected ports from the plurality of interfaces to particular 
domains within the access oetwork 

17. The method ofVlaim 16 wherein said assigning includes assigning at least 
one port from a first interface vo a first domain, and assigning at least one port from a 
second interface to said first domain. 



15 18. The method of claim \1 7 wherein said access network is a cable network, 

said plurality of nodes are cable mootems, and wherein said access control system is a 
Cable Modem Termination System (CMTS). 



20 




19. The method of ^im 18 whe^in said first and second domains are different 
DOCSIS domains. 
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20, The method of cl^m 17 whererti said first interface resides on a first 
physical line card within the access control systerii^ and the second interface resides on a 
second physical line card within the access control system. 



17 wherein said fn:st domain includes at least two 




21. The method of claf 
downstream channels. 



22. The method of claim 17 wherein said first doir^ain includes a first plurality 
30 of ports, said first plurality of ports including at least \wo downstream channel 
transmitters. 
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23. \ A method for synchronizing nodes in an access network to a common time 
reference, thAaccess network comprising a Head End and a plurality of nodes, the Head 
End including Vn access control system having a plurality of media access controllers, 
each of the plurality of media access controllers controlling a respective interface to the 
access network, ea\h of the plurality of media access controllers including a distinct time 
reference device, eaO\h interface including a distinct plurality of ports for communicating 
with at least a portion iff the plurality of nodes, the method comprising: 

providing a firsl^time reference message to a first node via a first downstream 
channel, the first downstream channel being associated with a first media access controller 
and a first interface, the first time reference message being generated fi-om a first time 
reference device associated with the first media access controller; 

providing a second Vme reference message to a second node via a second 
downstream channel, the second downstream channel being associated with a second 
media access controller and a sefcond interface, the second time reference message being 
generated fi-om a second time rem-ence device associated with the second media access 
controller, wherein said first and seo^ nd time reference devices are synchronized with each 
other; and 

synchronizing said first and s^ond nodes by using said first time reference 
message to synchronize a time reference^ device of said first node with said first time 
reference device, and using said second time reference message to synchronize a second 
time reference device of said second node witla said second time reference device. 




24. The method of claim 23 wherein said first access controller and said first 
interface reside on a first physical line card withiiXthe access control system, and the 
second access controller and second interface reside oi\a second physical line card within 
the access control system. 
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25. The method of clairnN23 wherein said accessVietwork is a cable network, 
said plurality of nodes are cable modems, and wherein said\access control system is a 
Cable Modem Termination System (CMTS). 
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26. Xho method of^^m 25 wherein said first and second access controllers are 
Media Access Control (MAC) devices residing on different physical line cards within the 
CMTS, said first ^d second access controllers being configured or designed to operate in 
accordance with a IaOCSIS standard. 

27. The method of^cl^iiji 26 wherein said first node is a cable modem 
belonging to a first DOC3SIS domain, and said second node is a cable modem belonging to 
a second DOCSIS domaii\ 

28. The method of^l^s^ 26 wherein said first and second nodes are cable 
modems belonging to a first DOG^SIS domain. 

29. A Head End of an )iccess network, the access network comprising a 
plurality of nodes, the Head End comprising: 

a master time reference device\ which maintains and updates a current time 
reference; 

a plurality of physically distinct network interfaces to the access network, each 

network interface comprising: 

a group of distinct ports to node^on the access network; and 
a slave time reference device in communication with the master time 

reference device, thereby allowing each network interface to obtain the current time 

reference at the same time so that the plurality of network interfaces are in 

synchronization. 

30. The Head End of cl^m 29 wherein said Recess network is a cable network, 
said plurality of nodes are cable modems, and wherein s^id Head End is a Cable Modem 
Termination System (CMTS). 



31. The Head End of claim 29 further includimg a back-up time reference 
device for maintaining and updating the current time reference, and for providing the 
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current time reference to each of the slave time reference devices at times when a failure is 
detected at the master time reference device. 



32. The Head End of claims 29 wherein the plurality of network interfaces 
includes a first networkVnterface residing on a first physical line card, and includes a 
second network interface residing on a second physical line card. 

33. A Head End of an access network, the access network comprising a 
plurality of nodes, the Head EndVomprising: 

a master time reference aevice which maintains and updates a current time 
reference; and \ 

a plurality of slave media access controllers in communication with the master 
time reference device, each of said slaVe media access controllers being responsive to 
control signals from the master time referVnce device to use the current time reference to 
synchronize itself with other slave media aco^ss controllers in the Head End. 



34. The Head End of claim 33 whe\ein each of the plurality of slave media 
access controllers includes a respective slave timeVeference device; and wherein 

each of said slave media access controllers i^esponsive to control signals from the 
master time reference device to use the current time reference to synchronize its respective 
slave time reference device with other slave time reference devices in the Head End. 



35. The Head End of claipi 33 further including a master media access 
controller which includes the master time reference device. \ 



36. The Head End of clahn 33 wherein each of the pmrality of slave media 
access controllers controls a respective interface to the access neWork, each network 
interface including a distinct plurality of ports for communicating withNat least a portion of 
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the plurality of\ nodes, and wherein the plurality of network interfaces are in 
synchronization with each other. 
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37. The He\id End of clainj 36 wherein the plurality of network interfaces 
includes a first portion interfaces which each include at lest one downstream channel for 
providing video content. 



38. 
network. 



The Head Er 



33 wherein said access network is a wireless 



39. The Head End of ( 
said plurality of nodes are cable 
Termination System (CMTS). 



iitn 33 wherein said access network is a cable network, 
iems, and wherein said Head End is a Cable Modem 



15 40. The Head End of claim\33 further including a back-up master time 

reference device for maintaining and updating the current time reference, and for 
providing the current time reference to each pf the slave media access controllers at times 
when a failure is detected at the master time reference device. 
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41. The Head End of clain^ 40 wherem the back-up master time reference 
device is configured as part of a slave media access controller. 




42. The Head End of clarni 36 wherein a first media access controller and a 
respective first interface reside on a first physical line caM, and wherein a second media 
access controller and a second respective interface reside onV second physical line card. 



43. The Head End of claim 42 wherein said firsn interface includes a first 
plurality of ports, and wherein said first plurality of ports includes a first downstream 
channel transmitter and a second downstream charmel transmitter. 



Attorney Docket No. CISCP131/1842 43 



44. The Head End of^sl^m 43 wherein a first downstream channel 
corresponding ta the first downstream channel transmitter is assigned to a first domain, 
and a. second downstream channel corresponding to the second downstream channel 
transmitter is assigned to a second domain. 




45. The Head End of clainS42 wherein said first interface includes a first 
plurality of ports, said ffifst plurality of ports including at least one first downstream 
^ \ channel transmitter; 

wherein said second ynterface includes a second plurality of ports, said second 
10 plurality of ports including at fteast one second downstream channel transmitter; 

wherein said first downstream channel transmitter is configured to provide a first 
time reference message to a first portion of the network nodes; 

wherein said second downstream channel transmitter is configured to provide a 
second time reference message to a sS^cond portion of the network nodes; and 

15 wherein said first and second ttme reference messages are derived firom different 

rAedia access controllers which are in synchronization. 
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46. The Head End of claim 45 ^herein the first and second plurality of ports 
each belong to a same domain. 

47. The Head End of claim 45 wherein the first and second plurality of ports 
each belong to a different domain. 



48. The Head End of claim 33 wherein\said master time reference device 
25 includes: 

a DATA_VALID output line for indicating transi^^ission of valid data to each slave 
media access controller; and 

a DATA output line for providing data to each slave \iiedia access controller; and 
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49. Hhe Head End oT'^sJ.mni 48 wherein said master time reference device 
further includes ^ LOAD_DATA output Hne for simultaneously signaling each slave 
media access contraller to load the data provided on said DATA line. 

50. The Head End of^claim 48 wherein each slave media access controller 
further includes: 

a DATA_VALID i\jput line for receiving a DATA_VALID signal from the master 
time reference device; and 

a DATA input line forVeceiving data from the master time reference device. 



51. The Head End oAclaim 50 wherein each slave media access controller 
further includes a holding register qpr storing time reference data received from the master 
time reference device. 



52. The Head End of clairn'^ wherein each access controller is configured or 
designed to load time reference data received on said data input line into said holding 
register, and is further designed or configmred to load said time reference data from the 
holding register into the slave time referenceXdevice upon an occurrence of an event. 



53. The Head End of claim 52 wherein said master time reference device 
further includes a LOADED ATA output line, eacm slave media access controller includes a 
LOAD_DATA input line, and wherein said event i^ an assertion of a DATA_LOAD signal 
at said master time reference device. 



54. The Head End of claim 52 wherein said event is a de-assertion of a 
DATA_VALID signal at said master time reference devicV 
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55. Vhe Head End of clkk;i^40, wherein said master time reference device 
further includes k least one output status line for communicating an operating status of the 
master time referem:e device to the back-up master time reference device. 




56. The Head End of claiiTK34 wherein said master time reference device and 
each of said slave time reference devices is a timestamp counter. 
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57. The Head End of cl^iiji 33 wherein said Head End further includes a clock 
signal derived from a network source, said Head End being configured or designed to 
provide the clock signal th\ master time reference device and each of the slave media 
access controllers. 



58. 



The Head End 



o^l^^ 



s 57 wherein said network source is a stratum clock 



source. 



59. A computer progran^ product for synchronizing interfaces of an access 
network, the access network comprising a Head End and a plurality of nodes, the Head 
End including an access control system having a plurality of slave media access 
controllers, each slave media access comtroUer controlling a respective interface to the 
access network, the plurality of slave media access controllers including a first distinct 
access controller for controlling a first interface, said first access controller including a 
first time reference device, said first interfaceXncluding a first distinct plurality of ports for 
communicating with at least a first portion of the plurality of nodes, the plurality of access 
controllers further including a second distinct access controller for controlling a second 
interface, said second access controller including a second time reference device, said 
second interface including a second distinct pluralky of ports for communicating with at 
least a second portion of the plurality of nodes, the computer program product comprising: 

a computer usable medium having computer ^adable code embodied therein, the 
computer readable code comprising: 

computer code for providing at least one s^chronization signal to said first 
and second access controllers; and 
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iU^mputer code for utilizing, at said first and second access controllers, said 
at least one synchronization signal in a manner which results in the first and second 
time referente devices being in synchronization with each other. 
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60. The computer program product of claim 59 wherein said access network is 
a cable network, said plurality of nodes are cable modems, and wherein said access control 
system is a Cable ModemVermination System (CMTS). 




61, The computer program product of claims59 fiirther including: 

computer code for providing time reference data to each of the plurality of access 
controllers; and 

computer code for loading,)at each of the plurality of access controllers, said time 
reference data into its respective time reference device to thereby cause each of the time 
reference devices to be synchronized with each other. 

62. A computer program product of configuring an access network, the access 
network comprising a Head End and a pluSrality of nodes, the Head End including an 
access control system having a plurality of Elave media access controllers, each of the 
plurality of slave media access controllers controlling a respective interface to the access 
network, each of the plurality of slave media access controllers including a distinct time 
reference device, each interface including a plurality of distinct ports for communicating 
with at least a portion of the plurality of nodes, the computer program product comprising 

a computer usable medium having compute^ readable code embodied therein, the 
computer readable code comprising: 

computer code for synchronizing the t^e reference devices in each of the 
plurality of access controllers; and » ^ 

computer code for assigning selected po^s from the plurality of interfaces 
to particular domains within the access network. 




30 63. The computer program product of cl^^ 62 wherein said assigning code 

includes computer code for assigning at least one port from a first interface to a first 
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domain, and compter code for assigning at least one port from a second interface to said 
first domain. 



64. The coimDuter program product of claim 63 wherein said access network is 
a cable network, said plibrality of nodes are cable modems, and wherein said access control 
system is a Cable Modenl Termination System (CMTS). 



65. A computer Wogram product for synchronizing nodes in an access network 
to a common time reference, Vhe access network comprising a Head End and a plurality of 
10 nodes, the Head End including an access control system having a plurality of slave media 
access controllers, each of theXplurality of slave media access controllers controlling a 
respective interface to the access network, each of the plurality of slave media access 
controllers including a distinct time reference device, each interface including a plurality 
of distinct ports for communicating with at least a portion of the plurality of nodes, the 
1 5 computer program product comprismg: 

a computer usable medium hijving computer readable code embodied therein, the 
computer readable code comprising: 

computer code for providing a first time reference message to a first node 
via a first downstream channel, tnfe first downstream channel being associated with 
20 a first slave media access controller and a first interface, the first time reference 

message being generated from a first^ime reference device associated with the first 
slave media access controller; 

computer code for providing a second time reference message to a second 
node via a second downstream channel,\the second downstream channel being 
25 associated with a second slave media acces\ controller and a second interface, the 

second time reference message being generated from a second time reference 
device associated with the second slave media access controller, wherein said first 
and second time reference devices are synchronized with each other; and 

computer code for synchronizing said first and second nodes by using said 
30 first time reference message to synchronize a time reference device of said first 

node with said first time reference device, and usingi said second time reference 
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messageSto synchronize a second time reference device of said second node with 
said secona time reference device. 




66. The computer program product of claim 65 wherein said access network is 
a cable network, said plmrality of nodes are cable modems, and wherein said access control 
system is a Cable Moder^Termination System (CMTS). 
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